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(71) We, A vesta Jernverks Aktee- 
bolag> a Swedish Joint-^Stock Company, of 
Avesta, Sweden^ do hereby declare the inven- 
tion, if or which we pray that a patent may be 
5 granted to us,. and the method by which it is 
to be performed, to be particularly described 
in and by the following statement: — - 

This invention relates to a welding: elec- 
trode for electric arc welding. 

10 Certain types of stainless steels particur 
larly steels witch a ferriteHmartensitic, ferrite- 
martensite-austemtic or mortensite-austenitic 
structure, obtain high mechanical strength 
characteristics, partly owing to their chemical 

15 composition and partly by the heat treatment 
tihey undergo prior to beting used. Austenitic 
stainless steels in a heat-treated! condition, on 
the other hand^ have a low yield limit, but 
they may be given a higher yield limit and 

20 ultimate strength values by cold work, e.g. 
by stretching. 

In welding stainless steels one aims at 
obtaining a weld metal with a chemical com- 
position and characteristics which correspond 

25 to those of steel both from a corrosion view- 
point and other Viewpoints. If one welds 
ferrite-martensitic, femte-martensiteHaustenitic 
or maxtensite-austenitic steels with electrodes 
having an analysis identical !to that of the 

30 steel the melted weld metal in an unannealed 
condition will have a high yield limit and 
ultimate strength but, on the other hand, a 
very insignificant elongation and impadt value. 
By a subsequent heat treatment the elongation 

35 and impact value of the weld metal may be 
improved; however it has been very difficult 



to reach full conformity to the properties 
of the steel. 

As regards welding, the elongation value of 
the: weld! metal may be regarded as a gauge 40 
of the weld's cracking resistance. When weld- 
ing is carried out with electrodes which de- 
posit a weld metal with too low elongation 
values the risk of contraction cracks tin the 
weld is great. When welding ferrSte-marten- 45 
sitic, fenite-martensite-austenitic or marten- 
site-austenitic steel with the corresponding 
electrodes one has therefore normally applied 
a method which implies both the pre-heatiLng 
of the basic material and the stress-relieving 50 
of the welded structure in order to reduce 
the risk of cracks. 

In. addition to high strength certain new 
f errite^marten^ite-axistenitic steel also possesses 
an improved weddability, which means that 55 
pre-heating has.itoi be applied very seldom. 
As an example one may mention that a steel 
with a low carbon content of the type 16% 
by weight chromium, 5% by weight nickel 
and 1% by weight molybdenum which after 60 
a double heat treatment obtains yield limit 
values over 80 kp/mm 2 , an elongaftion of 
about 20% and an impact value over 7 kpm/ 
cm 2 . In welding this steel with previously 
known electrodes it has not been possible to 65 
obtain a weld metal which in an unannealed 
condition possesses the corresponding values. 
On the other hand the characteiristics of the 
weld metal could be improved by a suitable 
heat treatment so that they on the whole 70 
correspond to those of the steel.. 

According to the present invention it is 
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possible without subsequent heat treatment to 
obtain a weld 1 metal with a (high yield limit 
and ultimate strength dm combination . with 
very good elongation and impact value by 

5 using an dectrode which deposits a weld 
metal having the following composition, by 
weight: 0.01—0.05% carbon, 0.1 — 0.9% 
silicon, 0.5^4.5% manganese, 15.0—18.0% 
chromium, 4.5— -7.5% nickel, 0.2—2.5% 

10 molybdenum, 0.02 — 0.12% nitrogen and 



0.2 — 3.5% tungsten the remainder being iron 
apart from unavoidable impurities. The con- 
tent of undesirable impurities, such as sul^- 
phur, phosphorus, copper, lead, etc. shall be 
as low as possible. 15 

The alloying constituents of the weld metal 
are adapted mutually on such a way that tlhe 
following two equations with the chromium 
jequivalent (Cr e ) and the nickel equivalent 
(Ni«) are satisfied: 20 



Equation 1: Cre+ , Ni e == t ^26.0 and .^32.0 
Equation 2: 1.4 X Cr e — Nie=^15.5 and S20.0 
where Qr e '= % Cr + % Si + % Mo + 0.5 X % W; and 
Ni.'=% Ni + 0.5 X % Mn + 30 (%. C+ % N - 0.03). 



25 A welding electrode which satisfies the pre- 
requisites indicated above deposits a weld 
metal with a structure composed of ferrite, 
martensite and austenite. If these three struc- 
ture elements are balanced' against each other 
30 the weld metal, without subsequent heat treat- 
mem, obtains yield limit vaiues of about 60 
kp/mm 2 and ultimate srtxength values of 
about 82 kp/mm 2 while at tihe same time as 
the elongation is about 30% and! the impact 
35 value over 10 kpm/ctm 2 at room tempera- 
ture. In addition one obtains a lowered tran- 
sition temperature, so that the weld metal 
still at — 70° C possesses impact values over 
6 kpm/cm 2 and at temperatures about — 100 
40 to — 110°C meets the impact value require- 
ments which are normally specified for vessels 
; under pressure. 

The addition of tungsten to austenitic 
stainless electrodes is known although the effect 
45 achieved has not been described in greater 
detail. In the presenlt invention 'tungsten acts 
as a kind of modulator which in combination 
with nickel, manganese and nitrogen gives 
the desired balance to the ratio between the 
50 martensite part and the ferrite plus austenite 
parts. According too the present invention the 
martensite part of the weld structure shall lie 
between 5 and 50% and the ferrite plus 
austenite parts between 50 and 95%. 
55 Consequently the present invention relates 
to an eleatrode or a filler for joint- welding 
or built-up welding stainless steels, particu- 
larly steel with a ferrite-martensite-austemtic 
structure, e.g. steel of type 16% by weight 
60 Cr— 5% by weight Ni — 11% by weight Mo, 
as well as steel of a ferrilte-martensitic or 
martensite-austenitic structure, e.g. steel of 
type 12—14%, by weight Cr, 0—3% by 
weight Ni and 0 — 2% by weight Mo. In the 
65 process of welding with electrodes according 
to the present invention the weld meital in 
itself does not require any heat treatment 
after the welding in order to achieve maxi- 
mum toughness. .In- certain cases, on the 
70 other hand, the basic material may require 
stress-relieving in order to eliminate welding 
stresses or in order to level out the hardness 
tops which the latter types of steel show in 



heat-aifected zones close to the weld. With 
the electrode described ilt is also possible 75 
to carry out stress^relieving within the tem- 
perature range 550 — 700° C without causing 
the strength values of the weld metal to de- 
crease to any great extenit. 

In addition the electrode is suitable for 80 
welding certain austenitic stainless steels, pro- 
vided that the corrosion conditions to which 
the welded object is subjected, suit the weld 
metal of the electrode^ The electrode is par- 
ticularly suited for j oint welding stainless 85 
steels of identical or almost identical cam- 
position containing at least 13% by weight 
chromium, and 3.5% by weight nickel; they 
are then merged by means of arc welding and 
melting of ia coated or an uncoated electrode. 90 

By hardfacing or deposit wielding the elec- 
trode is also very suitable for coating a sur- 
face on work-pieces of unalloyed, low-alloyed 
or stainless steels; the hardfacing then takes 
place With coated or uncoated electrode of 95 
the invention. 

The welding electrode according to the 
present invention may be made in the shape 
of coated etectrodSes or uncoated wire for 
meltinig in an inert protective gas atmosphere 100 
or under a protective blanket of granulated 
welding powder, so-called! flux. The bare wire 
in its Iturn may be homogeneous or so-called 
pipewire. 

The covering of coated manual-welding 105 
electrodes consists of fluxing material, arc- 
stabilizing, deoxidizing and alloying elements 
as well as some plasticizer for making the 
substance ductile. The composition of the 
covering may be varied and may have a 110 
lime-basic, rutile-basic ot rutile-acid char- 
acter all according to the welding properties 
desired. It is essential for this embodiment 
within the scope of the invention that the 
covering Should contiain a certain amount of 115 
one or several of the following alloying 
elements : chromium, nickel, molybdenum, 
tungsten, manganese, silicon and nitrogen, 
partly in order to compensate (the loss by 
burning which normally occurs in connection 120 
with the transport of material through the 
arc and partly in order to provide the weld 
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with that part of the alloying elements which 
possibly for practical reasons has not bfen. ; 
alloyed into the core wire. 

According to the second embodiment, i.e. 
an mucoated filler wire for melting in an inert 
protective gas or under a protecrioni blanket 
of granulated! welding powder, the composi- 
tion of the wire an the case mentioned; first 



shall conform as nearly as possible to the 
desired weld analysis and in the latter case be 
adapted to the composition of the welding 
powder. 

Examples jof some differently coated elec- 
trodes and ^heir characteristics are given be- 
low in Tables I and II: 



Table I — Chemical Analysis 









XjiICC ixuuc 






■Plprnpnt" 


■R 




LJ 


XL 


F 


V-»dXDUH WClgHL /q 


u . uzo 






0.028' 


0.024 


Silicon weight % ^ 


0.74 


a. 68 


6-54 


0.64 


0.38 


Manganese weight % 


2.42 


3.40 


2.72 


3.32 


3.14 


Chromium weight % 


16.6 


16.3 


16.1 


17.1 


15.9 


Nickel weight % 


5.6 


6.1 


7.0 


5.9 


6.2 


Molybdenum weight % 




1.45 


1,72 


1 .09 


1.29 


Nitrogen weight % 


■ 0,101 . 


0.082 


0.060 


0.099 


0.097 














Tungsten weight % 


2.98 


2.80 


2.44 


3.08 


2.97 


Chromium equivalent 


20.0 


19.8 


10.6 


20.4 


19.1 


Nickel equivalent 


/ 9.7 


10.2 


10.1 


10.5 


9.5 


Value according to equation 1 


29,7 


30.0 


29.7 


30.9 


27.6 


Value according to equation 2 


18.3 


17.5 


17.3 


18.1 


17.2 



The chemical analysis has been made in the chemical analysis of that part of the 

the manner prescribed in different standard^ weld whidh is further than 10 mm from the 

e.g. DIN 8556, Blatlt 2 (Deuitsche Industrie plate. In doing so the effect of the basic 

20 Normen), i.«. one makes a weld on plate material is eliminated, 
with a great number of beads and determines 
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Table II — Characteristics of strength 

Electrode 



Characteristics 


B 


c 


D 


E 


Fl 


F2 


Yield limit, a 0.2, kp/mm 2 


59 


57 


57 1 


61 


60 


59 


Ultimate strength, kp/mm a 


77 


76 


... 77 . 


80 


80.5 


80.5 


Elongation, % 5 X d 


27 


30 


29 


30 


31 


32 


Contraction % 


34 


45 


48 


41 


49 


50 


Impact value, Charpy V 














kpm/cm 2 + 20 °C 


10.5 


9.7 


9.2 


10.9 


11,8 


11.0 


kpm/cm a — 70°C 










6.7 


4.5 


Test condition un- 

annealed 


un- 
arm ealed 


. un- 
arm ealed 


un- 
annealed 


un- 
annealed 


heat 
treated 



10 



15 
30 



35 



40 



45 



The values indicated above represent an 
average of several tests. The welding tests 
have been carried out with a coated electnwfe 
in the manner prescribed in 1>TN 1913, BJatt 
2. For the all-welded tensile tests> test speci- 
mens of type 10G50 according to SIS 1121 
13 (SIS = The Swedish Sftandard Association) 
and for the impact tests Charpy Vnnotch speci- 
men according to SIS 1123 5il have been used. 
The F2 test indicated above is heat-treated 
at 60O°C with subsequent air-cooling. 

WHAT WE CLAIM IS: — 

1. A welding electrode for electric arc 
welding intended for joint wedding and built- 



up welding sftainless steels, particularly steels 
with a ferrite-martensitic, ferrate-martensite- 
austenitic or marcensite-austenitic structure, 
characterized in that the electrode deposits 
a weld metal having the fdHowingf composition 
by weight: 0.01—0.05% carbon, a 1—0.9% 
silicon, 0i.5^4.5% manganese, >15.0^-18.O% 
molybdenum, 0.02—40.12% nitrogen and 
0.2 — 3-5% tungsten, the remainder being iron 
apart from unavoidable impoirities, the alloy- 
ing OTr^tuerks being adapted rite in 
such a way that the following two equations 
with the chromium equivstient (Cte) and the 
nickel equivalent (fNI*) iare satisfied: 



Equation 1: Cr. e +Nie— ^>26.0 and S32.0 
Equation 2 : 1.4 X N5.'=^ 15.0 ^20.0 

where Cr e = '% Cr + '% Mof+' ,0 / 0 St + 0.5 x \% W; and 
Ni*=% Ni + 0.5 X % Mn + 30 (% C+ % N - 0.03); 



as a result the miaratructure of the weld 
mdtal in a welded or heat treated condition 
contains martensite, f errite and austenite of 
such a composition that the m artensite part 
lies between 5 and 50% and the ferrite plus 
austenite parts between 50 2uw£~9?%:. 

2. A welding electrode according to Claim 
1 substantially as herein described. 

3. A process of merging stainless steels 
of identical or almost identical composition, 
containing at least 13% chromium and! 3.5% 
nickel, characterized in that they are merged 
by means of arc wekiing and melting of a 



coated! or, uncoated electrode as claimed in 
Claim 1 or claim 2. 

4- A process df coating a surface of work- 
pieces of unalloyed, low-alloyed or stainless 
steels by means of hardffacing or deposit 
welding, characterized in that the hardfacdng 
is carried out with a coated or an uncoated 
electrode as claimed in Claim 1 or Claim 2. 
For the Applicant: 
LLOYD WISE, BOULY & HAIGH, 
Chartered Patent Agents. 
Norman Houise, 
105—109 Strand, London, WjC.2. 
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